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FROM WASTE TO ENERGY: REUSE OF LANDFILLS TO CREATE ECO-FRIENDLY
SPACES
Abstract
Waste to Energy (W to E) minimize the amount of waste sent to landfill, which also reduces negative
impacts on the environment. This problem has been a common occurrence since the beginning of time.
Waste to Energy will assist in the creation of a low-carbon society. Currently, the challenge behind reaching
Eco-friendly space is a result of the continuity of incineration and landfill uncontrolled Municipal Solid
waste on slopes and seashore. This environmental disaster as worldwide landfill is oversaturated and can
collapse at any moment and cause dangerous damage to the environment. The average trash production
increased phenomenally worldwide, resulting in numerous environmental and health concerns. The
landfill's greatest height point reached 30 meters, which is much above the minimum-engineered height.
Renewable Energy refers to a variety of treatment technologies that convert waste into sustainable
development like electricity, heat, fuel or other usable material, as well as a variety of waste. Renewable
Energy is divided into four categories: thermal, mechanical, thermochemical and biochemical. Therefore,
this research aims to establish guidelines to Reuse the Landfills and create Eco-Friendly Spaces, explore
the potential of landfills in reused as new recreational Eco-friendly spaces and to establish Renewable
energy.
To achieve this aim, the paper will follow a scientific methodology, starting with a literature review
highlighting the definition of Waste to Energy, understanding its causes and types, then focus on different
methods applying for this disaster and its relation to the city. As focused case study, this paper
summarizes the methodology for applying Renewable Energy and transforming the mountain of garbage
into entertainment and amusement park. As a conclusion, this research will analyze the effectiveness of
Waste to Energy and how it functions strategically in order to improve the quality of life.
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1. INTRODUCTION
Solid waste management should be compatible with the culture of Eco-utopia society,
taking into account all activities and actions necessary to manage garbage from its source to its
final disposal. Its goal is to limit waste's negative effects on health, the environment, and
aesthetics. This involves, for example, garbage collection, transportation, treatment, and disposal,
as well as monitoring and regulation. It also addresses environmental concerns, primarily through
the application of 3R (reduce, reuse, and recycle) technology. Nonetheless, the degree and kind of
progress toward sustainability varies depending on a country's economic situation (UN reports,
2014).
Waste management at landfills is a laborious task. Individuals should separate their trash
and recycle as much as they can. Composting and recycling are both effective methods for
reducing solid waste. Hazardous garbage, glass recycling, newspapers, metal recycling, as well as
old appliances, tires, and other commodities, are frequently accepted at self-serve dump sites.
Improper solid waste management has a lot of harmful effects on the environment (for example,
air, soil and water pollution, gas generation). The problems have been exacerbated by a lack of
legislation, limited finances, and municipal authorities’ incapacity to provide services in a costeffective manner (Energy Styrelsen, 2012).
The world generates 2.01 billion tons of municipal waste annually, of which at least 33%
(very conservative) is not managed in an environmentally friendly manner. Global waste
generation per person per day averages 0.74 kilograms, but varies widely between 0.11 kilograms
and 4.54 kilograms (UNEP/Bloomberg, 2021). The diagram below shows the percentage number
of solid wastes:

Fig.1: Percentage numbers of wastes statistics
(millions per tonnes)
Source: Rafai, A. Amer Al Refai (2014). “Landfill
and waste energy in Lebanon”, Dar el Handasah

Fig.2: Percentage numbers of wastes on
map (millions per tonnes)
Source: Rafai, A. Amer Al Refai (2014)
“Landfill and waste energy in Lebanon”,
Dar el Handasah

Fig.3: Waste incinerated with energy recovery around regions
Source: Analysis by ministry of environment - UNDP
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“This research aims to establish guidelines to Reuse landfills and to create Eco-Friendly
Spaces.”
To achieve this aim, the research will try to reach the following objectives:
•
Develop energy recovery and material recycling approaches in simultaneously, with a focus
on system development;
•
To understand the needs of the people and create an interaction Eco-Friendly platform of
their place;
•
Characterization and quality categorization of wastes and recovered fuels are priority areas
for upgrading recovered fuels to marketable levels;
•
Environmental concerns about the quality and utilization of waste fuels will also be
investigated.
This research assumes the creation of energy recovery and material recycling methods, with
a particular focus on the development system in a great step toward creating Eco-Friendly place.

2. LITERATURE REVIEW
A wide range of researches are progressively published about Waste to Energy as it is based
on the upgrading generations. Waste to Energy is a biological term which describes the
transformation of mountain of garbage into Energy life cycle. However, systems or technologies
has been used in different types of waste-to-energy. The most commonly used in the United States
is a mass incineration system that incinerates untreated municipal waste in a large incinerator
equipped with a boiler and a generator to generate electricity (Mavropoulos, 2012).

2.1 Solid Waste Management Systems
2.1.1 Sustainable solid waste management definition and aspects
Sustainable Solid Waste Management is an integrated sustainable framework
created in the United States. Therefore, continuity by years is essential, and adaptation
is important to create ecological spaces and when moving forward to follow the
continuity of generation. WASTE by definition, is a Dutch NGO, formalized its work
on the solid waste issue in the 1980s. ISWM entails the opposing viewpoint of waste
management as merely a technical issue to be resolved engineering abilities (UNEP,
2010).
Far from offering a single-facetted approach of western modernization, ISWM
promotes general principles, examples of good practices around the globe and decisionmaking based on sound local knowledge and balance between short-term interests and
long-term goals. According to UN-Habitat, any improvement or change of the SWM
system of a city or region shall answer all the following key aspects of the physical
system and the governance system: public health via proper collection, environment
via safe disposal, resource management via recycling and prevention; for the physical
system, and stakeholders’ inclusivity, financial sustainability and institutional
coherence, for the governance system (Hulgaard T. & Vehlow J., 2011).

Fig.4: The waste hierarchy and two triangles of drivers
Source: DesignBoom.com (2004), The waste hierarchy & the triangles of ISWM
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Inclusion of stakeholders, both service suppliers and users, is referred to as sound
governance. All users should receive the same high-quality service and should be
included not just in the physical system but also in decision-making and planning.
Another factor to consider is financial sustainability, which is particularly crucial for
developing countries. In addition, the technologies chosen should be affordable in the
local economy. Sound institutions are a vast topic that includes having clearly defined
tasks, seven strategies and plans, and a sense of consistency among them. Cooperation
at all levels of management, including municipal, regional, and national, is essential
(Energinet, 2012).

2.1.2 Waste management using post-normal science
Recent study argues that waste management should be studied through the lens
of post-normal science, based on historical factors and the ISWM framework. Postnormal science emerged towards the close of the twentieth century to address
complicated issues that standard scientific approaches were unable to answer
effectively. High uncertainty, high social-ecological dangers, and various legitimate
stakeholders characterize such issues. Post-normal science, which has been
successfully applied to waste management, emphasizes the importance of the broader
context in understanding a problem and designing locally accepted solutions
(Energinet, 2012).

2.1.3 A problem for developing and transitional countries
MSW is a problem in many developing countries that have experienced
significant development in recent decades. Rapid urbanization, population increase,
economic growth, and changes in consumer patterns all have a significant impact on
SWM systems. MSW can become a burden for societies, especially in major urban
areas, when combined with inadequate financial means to perform structural
transformation, as well as weak administration and planning. The developing countries
in political-economic-social framework, which includes other development goals and
stability concerns, may make waste management a lower priority on the political
agenda (Frost & Sullivan, 2011).

2.2 Historical Background of Solid Waste Management
The way civilizations manage garbage has evolved over time to meet new demands.
There are three main steps that can be outlined. The main concern in early waste management
systems was public health and cleanliness. The principal technique for minimizing annoyance
was to collect and transport rubbish to faraway dumpsites. Those areas drew people from lower
socioeconomic strata who lived off of recycling and repurposing goods discovered at
dumpsites (Rechberger H., 2011).
As garbage creation rose, waste composition changed due to industrialization, waste
was concentrated in cities due to urbanization, and awareness grew, the environmental impact
of waste management procedures has to be considered. Contamination from dumpsites has a
negative impact on ecosystems, air quality, water supplies, and as a result, human health.
Engineered waste solutions (Rechberger H., 2011).
After decades of declining recycling rates in affluent countries, the third factor, resource
management, which has always existed at least informally, comes back into play. Natural
resource use is at an all-time high, necessitating material reuse and recycling. A viable
alternative that waste is now viewed as a resource by waste management systems (Rechberger
H., 2011).
Other change drivers have been proposed in the literature to a lesser extent. For
numerous reasons, waste management is linked to climate change. Despite the fact that landfill
gas emissions are low, Gas, which accounts for less than 5% of global GHG emissions, has
been tacked. Waste management can also aid in the reduction of emissions: Less waste goes
to the dump, and more is recycled or reused. Increased public awareness is also seen as a tool
for better practices. In developed countries, increasing efforts are put at diminishing the
quantities of waste generated, in accordance with the prevention principle, and shifting
towards a circular economy closing the loop of resource management through improved design
Published by Digital Commons @ BAU, 2022
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of products (cradle-to-cradle concept). This trend is also supported by the so-called “zerowaste” movement, aiming for both high recycling and lower generation (Frost & Sullivan,
2011).

2.3 Typological Criteria of Solid Waste Management
Solid Waste Management is defined based on the reasons of its appearance throughout
waste types (Astrup T., 2011).
• Waste Generation: Availability of Solid Waste Bin;
Availability of Reduce, Reuse and Recycle;
• Waste collection: Availability of waste collection system and equipment;
• Waste disposal: Availability of sanitary landfill or at least controlled landfill;
• Waste transfer and transport: Availability of temporary waste disposal station with
service coverage.

2.4 Similar Examples of Solid Waste Situation
The followings are similar examples of reusing the landfills to create livable ecofriendly space.

2.4.1. Figures and context in Copenhagen
Location, population and
human development are all factors
to consider. Copenhagen states
provides waste treatment services
to 645,000 citizens and 68,000
businesses, provides electricity to
80,000 households and district
heating to 90,000 households. The
sector includes the collection of
recycling household waste with
recyclable methods, the Waste to
Energy
(WtE)
plant,
and
municipal solid waste sorting
plants.
The first WtE plant was
operational in the 1970s and had an
annual capacity of approximately
430,000 tonnes of urban and
industrial waste. In 2010, ARC
means that the ARC-WtE facility
could not operate if its age and
condition were too long and would
need to be replaced or upgraded to
address the future waste challenges.
At that time, ARC decided to define
a strategy for building a new WtE
facility that could treat the expected
increased residual waste in the most
efficient
and
environmentally
friendly way possible. The first
challenge was to find the right place
for the plant. In the financial and
technical calculations, the waste
treatment plant was part of the
existing infrastructure. What is
actually optimal in terms of energy
efficiency and waste treatment
(Hulgaar 2020).
https://digitalcommons.bau.edu.lb/csdjournal/vol3/iss2/7
DOI: https://www.doi.org/10.54729/TFAN8132

Fig.5: Percentage distribution (%) of waste in
Copen hill during 2020
Source: T. Hulgaar (2020), Waste diagram
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Waste is categorized by source before
collection, and each community does this in
a variety of ways. However, since July 2010,
all 98 municipalities in Denmark have been
involved in food waste, glass, paper, residual
waste, metals, plastics, food and beverage
packaging, cardboard, textiles, hazardous
waste, etc. the classification and collection
the types of waste is very essential.
Copenhagen receives 250-300 trucks daily,
leaving waste. At the reception, trucks are
weighed and about 5% of them are randomly
checked to ensure that the waste delivered at
is suitable for incineration, that is, it does not
comply with environmental permits or is
damaged. All waste that can be generated is
identified. The proximity of the WtE facility
to homes, commerce and commercial
enterprises produces residual waste,
minimizes transportation routes, reduces
emissions, reduces dust odor problems, and
reduces costs. (Raeisi, I., Nezhad, A. &
Hafezifar, M., 2020).

Fig.6: Waste to Energy factory in
Copenhagen
Source: J. Simonsen, October (2020),
Waste-to-Energy showcase

2.4.2. Waste management technical implementation
Waste Management of Copenhagen plant replaced the old plant built in the
1970s with new plant, which has better environmental performance and energy
efficiency. Today, the Copenhagen is considered one of the best plants in the world in
the following ways: Environmental Performance, Energy Efficiency and Security.
(Min B., Cheng S. & Logan B.E., 2005).
The plant's capacity has increased from 430,000 tonnes to 560,000 tonnes / year
to cover the expected increase in residual waste treated over the next 30 years. The
plant is equipped with two kilo lines operating at 25-35 tonnes of waste per hour. Note
that the capacity of the plant in tonnage depends on the calorific value of waste fuel.
According to the environmental permit, Copenhagen can handle up to 560,000 tonnes
/ year with a net calorific value of 11.5 GJ / ton. If the average net calorific value of
waste fuel is less than 11.5 GJ / ton, more waste fuel can be processed. It is considered
as equipped. The turbine and generator are supplied with steam at 440 ° C. The net
thermal efficiency of System is 107%. Copenhagen is open fully time 24 hours a day,
7 days a week (Min B., Cheng S. & Logan B.E., 2005).

Fig.7: Diagram of Copenhagen WtE plants including flue gas cleaning system.
Source: B. Amager, Dec (2020), “Processing of municipal solid waste”
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Each line has a separate flue gas cleaning system, which is also different from
the equipment in the older system. Whereas the old facility used dry and semi-dry
processes, the new facility uses wet scrubbers, resulting in a 45-fold increase in solid
residue. In addition, the wet flue gas wash produces three waste fractions: fly ash, filter
cake from wastewater treatment, and gypsum from the SO2 removal system.
Wastewater must be treated before is discharged into the sea. The location of the plant
was in some respects related to technical and economic aspects. By building a new
incinerator plant in the same location as the old, it will be possible to use the existing
infrastructure of the supply electricity and heat the urban network of Copenhagen with
saving costs. In addition, the location of the facility will significantly reduce waste
transportation, reducing both costs and emissions (Tchobanoglous et al., 2002).

2.4.3. Waste management environmental aspects
Copenhagen was built to meet the strictest emission standards of the country as
well as the standards set at in the next 30 years of the facility's estimated operating life.
In addition, the facility is located in a residential area of Copenhagen, with a rooftop
recreation area that requires additional efforts to ensure environmental compliance.
Aspects such as the absence of odors and dust from the transportation of waste and the
minimization of factory emissions are decisive for ensuring the high flexibility of local
residents and recreational area residents. It can handle harsher environments. This
property was chosen for those:
•
•
•
•
•

Requirement Flue gas capable of treating high levels of pollutants;
Using environmentally friendly consumables such as limestone;
Easy treatment of generated wastewater;
Low amount of solid waste generated;
High energy recovery.
Table (1): Distribution (%) of the waste treated in Copen hill during 2020

Source: J. Simonsen (2020), Distribution of the waste treated in Copen hill

https://digitalcommons.bau.edu.lb/csdjournal/vol3/iss2/7
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Fig.8: Outputs from Copenhill WtE plant
Source: Sukleen.org, Date: 17th Dec (2020)

2.5. Parameters of Analysis
Table (2): Parameters of Analysis of Waste to Energy
Waste to Energy Parameters and Features
Preserving
Quality of Life

Avoiding Long-term
Waste

Reusability of
waste

Solving human
needs for future
generations

Solving smell
and visual
pollution

Application of Waste to Energy to create Eco-Friendly Space
Ecological
system
for
different
functions

Using Re-use, Recycle
and Reduce

Using sustainable
and smart design
tools

Preserving of
natural and
environmental
potentials

Experimentation
and information
gathering

Source: Author

3. RESEARCH METHODOLOGY
This research method with several steps and reasoning approaches are used to conduct this
paper, and these are mainly categorized into two research methods and two reasoning approaches.
The field method, in which the author visited the specified location to collect data in order to
conduct urban studies including landmark, building noise, topography, planning code,
classification of population, either by sketches or by taking photos. Besides, quantitative method
for showing percentage and number of municipal solid wastes development during the years. On
the other hand, the inductive reasoning is used to collect the required data and information
regarding the specified case study: “waste to energy” in Tripoli district, the potentials of reusing
these unused municipal solid wastes. Finally, the deductive method, after all the studies that were
performed, a new approach to reusing ecological spaces in the urban fabric will be established.

Published by Digital Commons @ BAU, 2022
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3.1 Introducing the Case Study of “ From Waste to Energy in Tripoli ”
Tripoli looks to be the Middle East's poor
pupil when it comes to solid waste management
(SWM). On a daily basis, the main dumpsite in
Tripoli received up to 450 tons of rubbish. When
it reached capacity, there was no other dumpsite
available, leaving residents with little choice but
to dump their garbage anywhere. Tripoli is
located on the Mediterranean coast. Lebanon's
economic backbone is anchored to the coast at the
northern most tip of the coastal hub chain.
Tripoli, the second largest city in Lebanon is
known as the northern capital, about 85 km from
Beirut on Route. It also has the second largest
port at the northernmost tip of Lebanon. The
urban area of Tripoli is defined by the continuous
expansion of the city, covering an area of 24.7
km2, and a coastline of 13 km. This location
proves to be ideal for a Waste to Energy plant.

Fig.9: Locating of site in Tripoli
Source: Google Map

3.2 Urban Analysis of Tripoli
Tripoli’ port district is located in the heart of the second capital of Lebanon. The
district is Mamlouke style, is surrounded by sea from the North, Maarad Rachid Karameh
from the South, old Tripoli souks from the West, and Tripoli citadel from the East.

Fig.10: Urban zone of Tripoli Port
Source: Author

Fig.12: Classification of
population
Source: Author

https://digitalcommons.bau.edu.lb/csdjournal/vol3/iss2/7
DOI: https://www.doi.org/10.54729/TFAN8132

Fig.11: Locating of site zoomed of Tripoli
Source: Google Map

Fig.13: Topography in
Tripoli
Source: Author

Fig.14: Noise in Tripoli
Source: Author
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Fig.15: Landmark of
Tripoli
Source: Author

a) Society Class

Fig.16: Planning code of
Tripoli
Source: Author

Fig. 18:
b) Visitors Percentages
Source: Author

Fig.17: Population in
Tripoli
Source: Author

c) Population ages

3.3 The Problem of “Waste to Energy in Tripoli”
The main problem is the mountain of garbage.
According to World meter, Lebanon has a population
of 6.09 million people in 2018, and produces
2,040,000 tons of municipal solid waste (MSW) per
year. The landfill's greatest height point reached 30
meters, which is much above the minimumengineered height. This huge landfill, today called the
"garbage dump," is a major environmental hazard,
threatening the rest of the city's tourist coastline with
its scent and uncontrolled seepage. The population of
Tripoli produces 1,040,000 tonnes of Municipal Solid
Waste (MSW) annually, as reported by counters
around the world. The composition of waste is
primarily organic 45%, but the most important issue is
the annual increase in carbon dioxide emissions
caused by Municipal Waste which attend 25,000
(Halwani, J., 2017).

Published by Digital Commons @ BAU, 2022
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Fig.20: Percentages of waste
Source: Sabbagh (2015), Report of Solid
Waste

Fig.21: Carbon Dioxide Emission in Tripoli
Source: UNDP Habitat, Dec (2020)

3.4 Selection of Tripoli’s Port District
According to World meter, Lebanon has a population of 6.09 million people in 2018,
and produces 2,040,000 tons of municipal solid waste (MSW) per year. Tripoli’s port district
was selected in order to several reasons. First, the district is in the center side in Tripoli, second
capital of Lebanon, and it is affected by the flow of people and traffic, it is a strategic important
location in Tripoli. Second, the area contains one of the hugest mountains of garbage in
Lebanon which cause danger on the coming years and future generations. Third, Tripoli
community is neglected by the government and they aren’t getting their essential amenities as
humans. The project aims to revitalize Tripoli district and to create an Ecological space among
the district.
3.4.1. Residential area
The specific area of the site is situated close to el Mina residential area. A buffer
zone is applied between Tripoli Landfill and nearest residential areas and it is found
that the distance is about one kilometer (1Km). this presents the most affected
residential area by the landfill pollution. Its altitude allows it to overlook the entire area
and has a view towards both old Tripoli souks and Mina. The site is near from dense
cities and has a great reliant on the surrounding communities.

Fig.22: Tripoli Landfill and buffer zone measurement
Source: Author

3.4.2. Roads study
The site is located on a strategic land Mina port, Tripoli. It’s an urban area in the
northernmost of seaboard hubs anchoring Lebanon’s coastal economic spine.
Lebanon’s second-largest, Tripoli is known as the capital of the North and is located
around 85km by road from Beirut. It is also home to Lebanon’s most northerly and
second-largest seaport.
https://digitalcommons.bau.edu.lb/csdjournal/vol3/iss2/7
DOI: https://www.doi.org/10.54729/TFAN8132
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Fig.23: Mapping the Road Network
Source: Author

3.4.3. Site with urban fabric context and topography

Fig.24: Site with context
Source: Author

The sectional altitude at the height point from sea level is 0.7m and the highest
point in site is 3.2m above sea level and is 872m at the height point of the site limit.

Fig.25: Sectional detail of topography
Source: Author

Published by Digital Commons @ BAU, 2022
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3.4.4. Environmental conditions study

Fig.27: Water quality around the site
Source: Author

Fig.28: Surrounding Resources
Source: Author

3.5 Interviews
In order to achieve credibility and to involve people in designing their neighborhood,
the research required meeting people living in this district and asking for their opinions
concerning the potentials of waste to energy in Tripoli.
Interview was held at the 7th of November 2021 in order to ask the people about who
live and belong to this place about their way of living, and what they like and dislike about
their neighborhood. The following questions were asked to these people:
a. How do you think Tripoli residents can handle the Municipal Solid Waste problem?
b. Do you agree with the idea of establishing Energy factory?
c. How do you think Tripoli residents can avoid smell and visual pollution?
Below are some of the answers to these questions as said by the people:
- Any changes in our daily usage and recycling method beginning from home to make life
better and not increasing it higher.
- Strongly agrees about the idea of establishing Energy factory
- By using Re-use, Recycle and Reduce method.
These opinions are taken into consideration by analyzing and interpreting the results
and taking the recommendations into actions.

3.6 Questionnaire
Due the pandemic situation, an online questionnaire form was established targeting
mainly the educated people living in the district of Tripoli or nearby, and these were 150
people of different ages and economic classes, the questionnaire includes the following
questions:
a) On a scale from 0 to 3, how likely do you feel safe and comfortable crossing the pandemic
of Municipal Solid Waste?
b) How likely do you agree upon transforming this mountain of Garbage into an Ecological
and useful space for the community?
c) Which phase of the disaster resolving should be the most powerful: before, during, or
after?
d) On a scale from 0 to 3, How likely do you feel this pollution can cause damage on your
heath?
e) Do you agree upon considering the mountain of garbage space as lost area?
f) On a scale from 0 to 5, how much do you think that implementation of Energy factory
can obtain high success?
g) How much do you think the CO2 can decrease in the air after the implementation of this
factory?
h) Due to the urban fabric of Tripoli, do you think green spaces will increase upon this area?

https://digitalcommons.bau.edu.lb/csdjournal/vol3/iss2/7
DOI: https://www.doi.org/10.54729/TFAN8132
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After visiting the site and completing the field methodology, the paper analyzes results
and findings of answers.

4. FINDINGS
Below the results of the interviews and questionnaire are shown in diagrams and analyzed
into an analytical methodology.

4.1. Analyzing the Interview Results
The sense of belonging to Tripoli and the need to keep the place identity implies asking
for Waste Management to Energy factory in order to keep the place Ecological one.
Moreover, the area lacks Eco-friendly spaces needed for present and general generations.
Besides, most of the residents feel afraid of the expansion Municipal Solid Waste into this
district, knowing that this mountain of garbage will explode one day. The fear is due to the
negative side effects on the environment and lack of awareness on social community living
in Tripoli district.

4.2. Analyzing the Questionnaire Results
The results of the questionnaire are viewed below in the form of a pie chart describing
the percentage of answers of each question as follows:

Published by Digital Commons @ BAU, 2022
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Fig.29: Charts showing the result of the Questionnaire
Source: Author

The outcomes are presented in the form of statistics charts some of which are
dependent on rich cultural, social, and economic backgrounds. The findings are depicted in
the statistics in Fig. (29).

5. DISCUSSION
Based on this research methodology results, and referring to the analysis of the district built
and natural environment, a new approach to Explore the potentials of landfills by Reusing of
Landfills to create Eco-Friendly Spaces. The study suggests guidelines for improving the quality
of life in the following points:
a) The first guideline is underlined the role of developing energy facilities with quantity needed
for neighborhood in the upgrading of two types: temporary and permanent.
b) The second guideline is to utilize the organic composants waste in the form of Ecological
garden growth.
c) The third guideline is to transform the mountain of garbage into public park and
improve facilities that upgrade the neighborhood with recreation facilities as library,
local workshop, educational and vocational training courses, and other aspects essential
to social interaction.
d) The fourth guideline is to apply green roof, sustainable materials and technologies,
infrastructure and landscape within the informal settlement improving the sense of security,
safety and clean environment.
By applying these guidelines, it is possible to say that these people belong to a clean space
with durable availability of energy, and they are provided with the minimum amenities that
need for a healthier life physically and mentally.
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After using the four methods, the results will be shown in the illustration below to explore
potentials of landfills:
Table 3: Potentials of Landfills

Source: Author

6. CONCLUSIONS
Overall, this research paper defined the problem of Solid Waste which are the result of
unorganized urban expansion. Similar examples were analyzed to define the parameters of
analysis of the main case study. The case study of Tripoli district analyzed the urban fabric and
the existing conditions and interpreted the results to come out with certain conclusions as follows:
a) Municipal Solid Waste is considered a problem with a range of ecological solution for
resolving and improving the quality of live in a neighborhood.
b) For the users, Waste to Energy method is used for garbage in an effective way instead of
unplanned bare lands, abandoned chaos and the unused space around the buildings.
c) In a crowded city, people of all ages need to find Ecological space for social interaction.
Meanwhile, it is necessary to reusing the waste to energy in order to create an environmental
platform with essential human needs.
d) Waste to Energy could be used to provide utilities, revitalize the district through enhancing
energy, and create a sufficient environment to boost the productivity of the occupants.
e) Today, Waste to Energy method shall be an adaptation process to the parameters defined in
this paper including: preserving quality of life, avoiding long term waste, reusability of waste,
solving human needs for future generations and solving smell and visual pollution.

Published by Digital Commons @ BAU, 2022

15

BAU Journal - Creative Sustainable Development, Vol. 3, Iss. 2 [2022], Art. 7

`
REFERENCES:
- Khan, A. (2017). Awards Publication. “Landfill and Waste Energy”.
- Mehranrad and Mahini (2020). “Renewable Energy and Sustainable Development” Lisboa,
Docomomo Slovenia.
- Wang, N. Adeli, H. (2019). Sustainable Management of Solid Waste in Tripoli Lebanon Landfill,
Volume 26.
- Gómez, R. (2011). The Regional Solid Waste Exchange of Information and Expertise Network
in the MENA, Country Report on the Solid Waste Management, Tripoli, Lebanon.
- Rafai, A. (2018). United Nations Development Programme (UNDP) Call for an international
solid waste policy expert for the preparation of a national strategy integrated solid waste
management, Beirut.
- Aouad, D. (2006), Ministry of environment Journal (MOE). Integrated waste management for
the organic products in Lebanon. Vol.3. pp. 22.
- Sabbagh, B. (2010). Ministry of Environment. Architectural Design Principles of Public Spaces
Based on Social Sustainability Approach: A Case Study in Copenhagen, Design Principles and
Practices: An International Journal, 3.
- Dikgraf, R. (2008). Journal of Architecture perspective.
- Aouad, D. (2006). Ministry of Environment, State of the environmental legislation development
and application system in Lebanon .
- Rosa, B. and Lindner, C. (2018). From Elevated Railway to Ecological Park, Published by
Rutgers University Press.
- Raeisi, I., Nezhad, A. & Hafezifar, M. (2020). Architectural Design Principles of Ecological
Spaces Based on Social Sustainability Approach: A Case Study in Copenhagen, Design Principles
and Practices.
- Hamze, M. (2013). Beirut Council for Development and Reconstruction (CDR), Activities
progress report.
- Faleh, M. (2009). Rapid environmental assessment of the urban community of Al-Fayha,
Lebanon UNEP.
- Halwani, J., Merhaby D., Fawal N. & Ouddane B. (2014). Land-based sources of pollution to the
Tripoli Coastal (Lebanon). In: International symposium on water pollution and environmental
impacts in Mediterranean Basin.
- Hamze, M. (2002). Beirut Council for Development and Reconstruction (CDR). Annual solid
waste report.
- Halwani, J., Amine, H., Hamze, M. & Baroudi, M. (2017). Les Risques environnementaux de la
décharge sauvage de déchets de Tripoli (Liban) et son impact sur la santé humaine. 3ème colloque
international francophone en environnement et santé Dunkerque-France.
- Halwani, J., Amine, H., Hamze, M. & Baroudi, M. (2017). Les Risques environnementaux de la
décharge sauvage de déchets de Tripoli (Liban) et son impact sur la santé humaine. 3ème colloque
international francophone en environnement et santé.
- Petruskeviciute, L. (2018). Union of Al-Fayhaa Municipalities (UFA) Jounral, Tripoli
environment & development observatory, annual jounral at Union of Al-Fayhaa Municipalities.
- Desportes, B. & Pugajeva, O. (2016). Landfill gas energy basics, LFG energy project
development handbook, USA.
- Dudek, J., Klimeck, P., & Kolodziejak, G. (2010). Landfill gas energy technologies.
- Rosa, B.and Lindner, C. (2019). Annual report Union of Fayhaa Municipalities, Council for
Development and Reconstruction.
- Alameddine, B. (2017). Architectural Design Principles of Public Spaces Based on Social
Approach: A Case Study in Copenhagen, Design Principles and Practices.

https://digitalcommons.bau.edu.lb/csdjournal/vol3/iss2/7
DOI: https://www.doi.org/10.54729/TFAN8132

16

